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(57) Abstract 

The present invention provides a method and apparatus for adaptive processing in a communication system receiver. The 
adaptive processing facilitates power savings and permits enhanced performance when necessary. This extends a receiver's 
operation time in receivers that operate on batteries, such as in cordless telephones or cellular telephones. A receiver adopting 
the principles of the present invention evaluates the characteristics and dynamics of an incoming signal, and based on the 
quality of the incoming signal, adjusts various aspects of the receiver such as the on-time correlators and analog to digital 
converters, the timing circuits, the despread equalizers, and the combiner. If the receiver comprises a receiver operation in 
accordance with GSM, the receiver may cycle the MLSE detection algorithms or cross correlation may be done over fewer data 
symbols. 

(57) Abr6g§ 

La presente invention concerne un proc6d6 et un appareil permettant un traitement adaptatif au niveau d'un recepteur de systeme 
de communication. Ce traitement adaptatif favorise reconomie d'eiectricite, et permettant un rendement en cas de besoin. Cela 
prolonge te temps de fonctionnement du recepteur dans le cas des r6cepteurs d piles ou accumulateurs, notamment les telephones 
sans ftl ou |es telephones portables. Un recepteur adoptant les principes de la presente invention commence par evaluer les 
caracteristiques et la dynamique d'un signal en entree. Consid6rant la quality du signal entrant, le recepteur adapte certains 
pararftetres du recepteur tels que fes correiateurs de synchronisation et les numeriseurs, les circuits de temporisation, et les 
combineurs. Si le recepteur est pr6vu pour fonctionner selon les normes GSM, le r^cepteur peut mettre'en boucle les algorithmes 
de detection MLSE ou faire une correlation croisee sur un nombre moins eieve de symboles de donnees. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
H04B 17/00, 1/707 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 00/19644 

6 April 2000 (06.040)0) 



(21) International Application Number: PCTAJS99V22080 

(22) International Filing Date: 23 September 1999 (23.09.99) 



(30) Priority Data: 

09/163,797 



30 September 1998 (300)9.98) US 



(71) Applicant: CONEXANT SYSTEMS, INC. [US/US]; 4311 

Jamboree Road, Newport Beach, CA 92660-3095 (US). 

(72) Inventors: COX, Earl, C; 2501 Olive Avenue, La Crescenta, 

CA 91214 (US). ANDERTON, David, O4 18 Sfllero, 
Rancho Santa Margarita, CA 92688 (US). KOMAILI, 
Jaleh; 64 Canyon Ridge, Irvine, CA 92612 (US). WAN, 
Yoogbing; 33 Vetrina, Irvine, CA 92606 (US). W ALLEY, 
Kenneth, S.; 19262 Shadow Oak Drive, Portola Hills, CA 
92679 (US). 

(74) Agent: ALTMAN, Daniel, E.; Knobbe, Martens, Olson & Bear, 
LLP, 16th floor, 620 Newport Center Drive, Newport Beach, 
CA 92660 (US). 



(81) Designated States: European patent (AT, BE CH, CY, DE. 
DK, ES, FI, FR, GB, OR, IE IT, LU, MC, NL, PT, SB). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments* 



(54) Tide: ADAPTIVE WIRELESS COMMUNICATION RECEIVER 




(57) Abstract 

The present invention provides a method and apparatus for adaptive processing in a communication system receiver. The adaptive 
processing facilitates power saving and permits enhanced performance when necessary. This extends a receiver's operation time in receivers 
that operate on batteries, such as m cordless tei cpho nta or cetiular telephones. A receiver adopting the principles of the present invention 
evaluates the characteristics and dynamics of an incoming signal, and based on the quality of the incoming signal adjusts various aspects of 
the receiver such as the on-time correlators and analog to digital converters, the timing circuits, the despread equalizers, and the combiner. 
If the receiver comprises a receiver operation in accordance with GSM, the receiver may cycle the MLSE detection algorithms or cross 
correlation may be done over fewer data symbols. 
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ADAPTIVE WIRELESS COMMUNICATION RECEIVBI 

RgMflf InYgntaa 

The present inventhm relates to the field of wireless communication and in particular to an adaptive receiver. 

The Itebt of wireless conwiuracations is rapidly expanding, bi particular, ceBular communication systems itb 
experiencing phenomenal growth, likewise, cordless telephones are in widespread use. 

Each mobfle statioa whether a cordless or ceBular telephone; operates using power suppSed by an associated 
battery. Each mobile station continually draws power from the battery white in standby mode or during an active 
communication fink. The mobile unit draws the most power during period d an actfro commuracation Enk. to particular, 
the receiver, which is responsible for obtaining, filtering, decoding and synthesizing the incoming signal comprises a large 
percentage of total mobile unit power usage during an active communication link. This is especially true when the 
arnmuratation system comprises a modern cellular system such as Global System for Mobile Cornmuni cation (GSM1 or a 
system adopting Code Division Multiple Access (CDMA) techniques. Modem communication systems adopt these complex 
coifing schemes to increase both system capacity and voice quafity. 

Summary of the Invention 

As known in the art these complex coding and decotfing schemes remain on or fixed during the duration of the 
communication link. Maintaining these complex coifing and filtering schemes is desirable when the signal quafity is poor, 
however, these schemes raedtessty consume valuable power resources during periods of better or ideal channel quafity. In 
addition, if the signal quafity degrades below a tolerable threshold these fixed receiver architectures result in dropped cats. 

White advances in battery technology now provide more robust power sources, there sul exists a need for a 
mobile station rtcehrsr having reduced power consumption. In addition, there is a need to provide more advanced 
processing in times of very low signal quafity. 

Tba present invemion provides an adaptive wireless receiver which reduces power coraimiption in i receiver of a 
mobfle station and/or increases performance. Reducing power consumption bi a mobile station increases the duration of 
time the mobie station may remain in standby mode or maintain an active communication bnk. Increasing pa fui i na n m 
omudes better quality and fewer dropped cats. 

In particular the system and method generally comprises dyramicauy adjusting receiver operation bi response to 
signal quafity. 

One aspect of the present invention involves a power miration control system for a wireless communication 
device. The system has a signal properties evaluation module operative to evaluate the characteristics of a received signal. 
The module is configured to provide an indication of the characteristics. At least one receiver component for the wireless 
comrnunication device has at least two modes of operation and is responsive to the signal propertiBS evaluation module to 
operate in at hast one of the at least two modes of operation, based upon the characteristics, bi one embodvnent the 
signal properties e vakial i on module is implemented using a digital signal processor. Preferably, the signal properties 
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evaluation module is configured to evaluate any signal dynamics such as signal noisa levels or signal strength. In one 
embooinent the wireless commuricatiora device operates in accordance with code Division murtipta access protocols. 

In one emtodimant at toast one recover component is analog to digital converter configured to convert the 
received signal in an analog foimat to a received signal in a digital format In this embodiment, the first mode mvofves 
operation at a first precision and the second mode involves operation at a second precision, m this embedment the power 
utilization control system further involves an analog to digital converter control module responsive to the signal properties 
evaluation module to select the precision of the at least ona analog to digital converter based upon the indication of signal 
characteristics. AoVarttageousry, the analog to Digital converter control module is configured to select a lower bit precision 
for the at least one analog to Digital converter when the signal h of generally high quafity. 

tn another embodiment the at bast one receiver component comprises a tining estimator responsive to the 
Indication of the characteristics from the signal properties evaluation modula to alter tirring estanation operation based 
upon the indication of signal characteristics. Advantageously, the timing estimator responds to the indication of the signal 
characteristics via a tmog control unit to modify one or more of the timing estimator type, operation duty cycle, and 
bandwidth. The tinting estimator may comprise a delay-lock-loop. 

In one embooinent the at least one receiver component comprises a pturafity of despread modules responsive to 
the imfication of the characteristics from the signal properties evaluation module to adjust operation based upon the 
indication of signal characteristics. Advantageously, the despread modules respond to the imfication of the signal 
characteristics via a control unit to adapt one or more of the operation duty cycf b or tap spacing m response to the 
indication of signal characteristics. 

In yet another embodment at the least one receiver component comprises at least one equalizer responsive to 
the imfication of signal characteristics from the signal properties evaluation module to change its operation based upon the 
indication of signal characteristics. Preferably, the eoualizer alters one or more of its duty cycle or complexity of operation 
based upon the indication of signal quafity. 

In stfl another embodiment the at least one receiver component comprises at least one correlator responsive to 
the indication of signal characteristics to operate in either the first or the second mode. Advantageously, the first mode 
comprises operation at a first precisiBn and the second mode comprises operation at a second precision. The first mode of 
operation may further rduda a first duty cycle for tha correlator and the second mode of operation comprises a second 
duty cycle for the at least one correlator. 

m still another imbodmient the signal properties evaluation module provides the imfication of characteristics via 
a control module. Thus, in one ambodinent where the at least one receiver component comprises a pturalty of correlators, 
the control module suspends operation of one or more of the plurafity of correlators during periods when the signal is of 
relatively good quafity. 

In another ambodinent the at least one receiver component comprises a signal combiner responsive to the 
indication of signal characteristics from the signal properties evaluation module to after operation of the combiner based 
ipon the Motion of stjnal characteristics. Advantageously, the at feast two modes rarnprisa at bast first and second 
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5 modes, wherein in the first mode the combiner operates in accordance with a first processing algorithm and in the second 

mode, the signal combiner operates in accordance with a second processing algorithm, m one embodiment the first 
algorithm comprises a more complex algorithm than the second algorithm. 

In another Biribodiment the at least one receiver component comprises a frequency estimation module, and 
10 5 wherein the at least two modes comprise at least first and second modes, selected in response to the indication of the 

signal characteristics from the signal properties evaluation module. Preferably, the at least two modes involve at least two 
algorithms having a difference in one cr more of the processing precision, filter type, processing rate, or duty cycle, ma 
specific onbodknent the frequency estimation module responds to a demodulated p3ot signal and to demodulated desired 
signals from users other than tha intended receiver. 
10 Another aspect of the present invention involves a method of reducing power consumption in a wireless 

communication receiver having a plurality of receiver components comprising receiving a signal monitoring the 
characteristics of the incoming signal evaluating the quafity of the incoming signal based on the characteristics, and 
attervig the operation of at (east one of the receiver components based upon the evaluated quafity of the incoming signal 
Preferably, the at least one of the receiver components comprises an analog to digital converter. In one embodiment 
15 evaluating the quafity of the incoming signal comprises determining the proper precision setting for the one or more analog 
to digital converters. For instance, altering the operation of the analog to digital converter may comprise altering the 
precision of the analog to Digital converter. More speaficaBy, altering the precision of the analog to Digital converter 
comprises altering the precision between 5brciand2or3bits f mthe present embodiment 

to one embotfiment monitoring the characteristics of the meaning signal comprises motoring any one or more 
3 0 20 of signal dynamics, signal noise, signal level bit error rata, or frame error rate. In one embodiment the method is 

ropjemented in a c uiu n unica tion receiver operating in accordance with code division multiple access. 

In another embotfiment the step of altering the operation of at least one of the receiver components comprises 
adjusting the operation of a signal timing estimator. Advantageously, the step of adjusting operation comprises reducng 
35 the duty cycle of the timing estimator and/or adjusting the fitter properties of e trning estimator. In this embodiment the 

25 step of nunitorng tee sjjni comprises rmnitoring any of signal dynamics, signal noise, end signal level. In a preferred 
embodiment the signal timing estimator comprises at least one delay lode loop. 

In yet another embodiment the step of altering the operation of at least one of the receiver components 
40 comprises altering the operation of an equafizer for an incoming signal the method further cornprising tha steps of 

evaluating information regarding the characteristics of en incoming signal and ntodfying the complexity of equafizer 
30 algorithms for the equalizer based upon the evaluation. 

In another emboofrnent the step of altering the operation of at least one of the receiver components comprises 
aftsring the operation of at least one correlator based upon the evaluation of the incoming signal. The step of atterng the 
operation of at least one correlator aflrarrtageously comprises modifying the symbol frequency of operation of tha 
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In yet another embedment the step of altering the operation of at least one of the receiver components 
comprises altering the operation of a signal comfatner in response to the step of evaluating the quafty of the incoming 
signal. Preferably, the step of altering the operation of a signal combiner cornprises selecting one of at least two 
algorithms operable with the combiner. 

m stSI another embodiment, the step of altering the operation of at least one of the receiver components 
comprises altering the operation of a frequency estimator in response to the step of evaluating tha quafity of the ircorrang 
sjgnat Advantageously, the step of altering the operation of a frequency estimator comprises selecting an algorithm from 
at least two algorithms operable for the frequency estimator. Bther in combination, or separately, the step of altering the 
operation of the frequency estimator comprises selecting a precision for the frequency estimator and controling active 
periods for the frequency estimator. 

Yet another aspect of the present invention involves en adaptive signal synchronization apparatus for a wireless 
receiver. The apparatus has a timing estimator, a signal properties evaluation module responsive to signal characteristics 
to evaluate an incoming signal, and a timing control module responsive to the signal properties evaluation module to control 
the operation of the timing estimator. 

In one embodiment the timing estimator includes at least one delay lock loop. Advantageously, the timing 
control unit is configured to adapt the percentage of time that the timing estimator operates and/or tap spacing of the 
timing estimator 

In one enitmderient, tha timing estimator, the signal properties evaluation module and the timing control mwaie 
are operative in digital signal processor. 

In one ernbotfment, the adaptive signal syruhronization further has a pajrafity of despread rnoAdes responsive to 
an indication of signal characteristics from the signal properties evaluation module to adjust operation of despread modules. 

Yet another aspect of the present invention involves an adaptive equafizar system for a wireless receiver 
cornprising an equafizer operable in at least two modes to perform equefization on an incoming signal a signal properties 
evaluation module responsive to signed characteristics to evaluate an morning signal and an equafaer controfler responsive 
to the signal properties evaluation module to select between the at least first and second modes. 

In one embodnnent, one or more of the equalizer contrcler end the signal properties evaluation motfcJe b 
embodied in a digital signal processor. In one emboolment the signal properties evaluation module receives a pluraSty of 
characteristics of an incoming signal and responds to such characteristics to develop equalizer operating parameters. In 
one errAwfiment, the at least first and second modes of operation cornprisa a first mode in which the equaSzar operates ii 
accordance with a first algorithm and a second mode wherein the equator operates In accordance with a second aip^orithm 
w&& is drrferentfanzhe first algorithm. moneerrJwolmenttftsrtctw 

a wireless corrmiucalion system. Artrantafleocsry, tha equafaer is configured to cornpensata for time delays introduced ii 
a signal transmitted over a wireless meoun. 

Yet another aspect of the present invention invohres a method lor adaptive operation of an equafaer in a receiver 
cornprising receiving, equating and aenuxfuteting en incoming signal, evaluating the quality of tha Incoming sipM and 
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5 adapting tht operation of an equate based on tha step of evaluating. In one embotfiment. the itap of adapting the 

operation of an iquafizer comprises shutting off tha emiete when the evaluating indicates the signal is of generafy high 
ouafitv. In one erntoolrnent the step of adapting the operation of an equate comprises reducing tha censorial 
complexity of tha equate when the evaluating indicates tha incoming signal is of generally high quality. Advantageously, 

10 5 ttegtep of evaluating con^evab 

rate, In one embodiment the step of wah^ comprises e 
time. 

Sta another aspect of tha present invention involves an adaptive combiner for e receiver comprising at least two 
correlators configured to receive an incoming signal, a ccrnbro coupled to the at least two correlators, a signal properties 
evaluation module responsive to characteristics of a received signal to provide an indication of tha properties of an 
incoming signal, and a combiner control module coupled to the corntiner and responsive to the imfication of signal 
characteristics from the signal properties evaluation modus to alter operation of the combiner based upon the indication of 
the signal diaractemtics. Inorieemboifenenttte 

two combiners, the combiner control module configured to provide a control signal to at least one of the at least two 
15 combiners to aher the operation of at lean erne of the at toast two corribiners. In one entailment, at least one of the 
correlator, the combiner, the signal properties evaluation irndula end the combiner control module is embodied using a 
tigital signal processor. In one embodiment the combiner comprises part of a wireless convrtunication receiver. 

Yet womer aspect of the present invention involves a method of adaptive control in a receiver comprising 
recent an incoming radio signal correlating at least portions of the incoming signal combining the portions of the 
taming ^1 evaluating the quality of the incoming signal, and controlling the combining step based on the quaity of the 
taming signal In one emboderont the step of combining may proceed in accordance with a first or a second mods of 
operation, the first and second mode operating in accordance with different algorithms for the combining step, the 
comrouiig comprising changng the mode. Advantage, the algorithms differ in the manner of parameter estimation 
35 used in the step of cornbWng. In one embodiment the step of evaluating comprises evaluating one or more of the signal 

25 dynamics, signal noise, signal level bit error ratio, and frame error ratio. 

Yet another aspect of tha present invention involves a method for reducing power consumption in a receiver 
operating ei accordance with anyTDMA System, such as Global System for Mobile Cornnwncations comprising receiving a 
40 radio signal, evtong signal dynamics of the radio signal and altering a range of delays in a correlator bated on the signal 

dynamics. In one ornament the step of evaluating comprises monitoring in a timing unit the rate of signal timing change 
30 over tine, In one embodment the step of altera* a range of delays comprises reducing the range of delays when the 
signal b determined to be generally stable based on the signal dynamics. Preferably, generasy stable comprises a low rate 
45 of change over time or a signal wherein tha signal does not (temonstrata rapid timing drift from burst center, mi particular 

embodiment reducmg the range of delays comprises performing cross-correlation every ±2 data symbols. In one 
embotSmant the step of evaluating comprises rnonrtoring the cemer rf a burst from burrt ^ received radio 
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sjgnaL in one embooiment the step of altering a range of delays comprise! increasing the range of delays and the signal 
dynamics intficate that the ratio signal is gerwaty instable based on high signal dynamics. 

StiU a further aspect of the present Invention involves an adaptive correlator for a communications receiver 
configured to receive an incoming signal comprising a correlation unit configured to compare tha rooming signal to a 
5 known timing sequence, a tinting recovery unh connected to tha correlation unit the trung recovery unit configured to 
evaluate the timing of the incoming signal, and a correlator controlar connected to both of the timing recovery unit and the 
correlation unit the correlation controller configured to adapt the operation of the correlation unit based on the evskiation 
by the timing recovery unit In one embodiment correlator controller is configured to adapt the operation of the correlation 
unh to reduce the number of symbols over which the correlation unit operates. Advantageously, the timing recovery unh is 
10 ctrnfigored to determine the change in tsuing of the incoming signal over time, and the correlator unh is configured to 
perform a (ross-correlaticn between the received signal and a known training sequence. In one embodirnent tha 
conmiracations receiver operates in accordance with the principles of a Global System For Mobie Cornmunications. 

Yet soother aspect of the present invention involves a method of adaptive control in a receiver utsmng MLSE 
algorithms comprising receiving a signal moi&oring tha level of the signal monitoring tha response of the incoming signal 
15 to a filter, and suspending operation of the MLSE algorithms when tha signal level is high and the response to the fitter 
indicates a generefiy dear channel. In one embodiment a high signal level comprises a signal having level generaSy near the 
maximum signal level. Advantageously, monftoring the (eve! comprises monitoring the output of e signal level estimator, 
and monitoring the response comprises rnonrtoring the response of the incoming signal to 8 matched fJter. In ooe 
ernbodrnent a generally dear channel comprises a response to the filter generefiy resembling a impulse. Preferably. 
20 suspending the MLSE algorithm comprises replacing the MISE algorithm with a MSK demodulator. In one embodiment the 
MSK demodulator comprises a bh-by-bh MSK demodulator. 

Another aspect of the present invention involves an adaptive MLSE detector comprising a signal level estimator 
responsive to an rooming signal to determine the signal level of the incoming signal a filter configured to fitter the 
35 incoming signal a MLSE detector configured to obtain input from the fitter, the MLSE detector configured to compute 

25 signal profaabShy. and a MLSE controfler ccapied to the signs! level estimator, the filter end the MLSE detector, the MLSE 
controller configured to enfcwte output from fee «gnal level estimator and the filter and, based on the evaluation control 
the operation of the IftSE detector. A*rantageousry. the filter comprises a matched filter and the MLSE controfler is 
40 cormgorad to suspend operation of the MLSE altyrithms when the signal level estimator indicates the signal is generally 

high and the response to the signal is generaly an impulse. In one embodiment the MLSE controller is configured such 
30 that when the MLSE algorithms are suspended, the MSK demodulation occurs. Preferably, control of the operation 
involves reducing the power consumption. 
45 BriefOest^ono fmBDrawinos 

Figure 1 is a block diagram of wireless uwiiwrrication system recetvar. 

Hgure 2 austrttes the front end of a dghal conimtmcation receiver with analog to digital converters 
35 iaAAUuatingsjgrtaluuafity t 
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5 Figure 3 Bustrates a timing estimator incorporating signal quality feedback. 

figure 4 fflustrates equalizer incorporating stgnal properties feedback. 
Figure 5 Bustrates a base block diagram of a combiner having adaptive performance. 
Figure s Oustrates a block diagram of a wireless communication receiver in a Global System for Mobile 
10 5 CommunicatioRL 

Figure 7 iflustrites a frequency estimation block diagram for an adaptive frequency estimator. 

Derated Descripti on of the Preferred Embodiments 
Rgure 1 iflustrates the basic components of a wireless communication system receiver as embootad in a ceWar 
telephone cormnunication receiver adopting coda dhrnion multiple access (CDMAL Modern celular communication systems 
10 generally comprise a plurality of base stations and mobfle stations. Both of the base station and a mobile station 
incorporate a communication receiver. The present invention focuses on a system and method of recuring power 
consumption of a battery powered ntobfle station communication receiver and also, improving performance when 
necessary. The base stations are typicaSy wired to a land based power source. For purposes of explanation, a general 
overview of a receiver in one preferred embodiment is provided below, in general, the receiver comprises an antenna 1 1 0 
15 couptad to a raroo frequency (RR subsystems moo^b 112. TrMmoito 112, provides two outputs (1,0) to anatog-to^Sgital 
(AiD) converters 114.116. Each of the A/D converters 114, 116 connects to signal estrnator 12JX a timing estimator 
122, a data demodulator 124, and a phase and frequency estimator 128. m turn, the output of the timing estimator 122 
and the phase and frequency estnator 126 couple to inputs of the data demodulator 124. The output of the data 
demodulator 124 couples to a vocoder 132 and a signal properties evaluation module 130. The vocoder's output couples 
20 to a codec 134 and the signal properties evaluation module 130. The output of the codec 134 couples to an empfified 
speaker 138 for audio reproduction. 

In operation the antenna 110 converts arriving radio frequency signals to electrical signals for the radio 
frequency (RF) subsystems module 1 12. The RF subsystems module 112 arapfifies the incoming signal before performing 
35 frequency translation and band pass filtering on the signal The RF subsystem provides the bvphase (I) and quadrature- 

25 phase (0) portions of the incoming signal to A/0 converters 114, 116. The A/D converters 114,116 convert the mconing 
analog signal to a digital format Conventionally, the A/D converters 114,116 are configured with a predetermined 
precision for the conversion process. 

40 The signals eating the A/D converters 114,116 enter the signal estimator 120, a timing estimator 122, a phase 

end frequency estimator 126, and a data demodulator 124. The output of the timing estimator 122. and phase and 
30 frequency estimator 126 connect to the data demodulator 124 to provide data necessary for the demodulation and 
decoding of the voice signal. 

45 The taring estimator 122 determines the tinting of the signal in relation to a synchronization signal to obtain 

signal a&ganent during decoding and demodulation, m one preferred emtodiment the timing estimator 122 comprises a 
delay lock loop (DLL), which is described in more detafl below in conjunction with Rgure 3. 
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5 The phase and frequency estimator 126 date mines the phase and frequency of the incoming signal when, as 

known by these familiar with receiver operation, aids in tha demodulation process. 

The signal estimator 120 determines the signal to noise ratio, signal dynamics, and the signal strength level and 
provides these values to the signal properties evaluation module 13a As discussed in mora detaO below, the signal 
10 5 properties evaluation module 130 uses these values for dynamic receiver control. 

The data demodulator end decoder 124 demodulates the signal from radio frequency and performs reverse coding 
on the signal In one embodiment the coding comprises code division muftipte access (CDMAl 

The output of the data demodulator and decoder 124 is coupled to the signal properties evaluation moduta 130 
15 and the vocoder 13Z Tha signal properties evaluation module 130 uses the demodulated and decoded data to estimate the 

10 bh error rata (BER) and the frame error rata (FER) which ei turn are used to further evaluate the incoming signal. The 
vocoder 1 32 generally comprises an electronic speech analyzer as known in tha art 

The output of the vocoder 132 is coupled to a codec 134 input As imovm to ^ 
20 digital signal to an analog signal. The corresponding signal exits tha codec 134 for receipt by a speaker 138 which eudWy 

reproduces the signal. An optional amplifier, not shown, may exist between the codec 134 and the speaker 136. 
15 Optionally, the signal may comprise data information which would not require conversion of the signal to an 

analog format. Hence, a receiver configured to process non-voice data would lack componentry for processing voice, such 
as tha vocoder 132 and codec 134. 

The signal properties evaluation module 130 provide feedback to the AID converters 114, 116, the signal 
estimator 12a the tirofcig estimator 122, the date oemodutator and decoder 124, and the phase and frequency estimator 
20 IS m accertanca with various aspects of the present nvention in order to facState dynamic control of the various blocks 
of tha receiver for changing signal quaity and/or power reduction purposes. 
Aff ff( pg tn Dinttal Converters m comflratmo Sional Quaitv Feedback 

Figure 2 illustrates one embodiment of the present krvention. At the front end of a receiver adopting CDMA 
35 principles, the signal is divided into its in-phase (I) and quafraturefhase (Q) components. Each of these respective signals 

25 enters one of the analog to Digital converters 114,116. Tha analog to Digital converters 114,1 16 converts tta incoming 
analog signal to a digital representation of the signals. 

n conventional systems, the precision of each A/D converter 1 14,1 1 6 is held constant typicaSy at 5 bits. The 
40 output of the A/D converters 114,116 couple to tha ether receiver subsystems 200. The receiver subsystems 200 

comprises componentry such as tha signal estimator 120, timing estimator 122, data demodulator 124, and the phase and 
30 frequency estvnator 126, shown in greater detaS in Figure 1. Accordingly, the precision of the A/D converters impacts the 
processing of the majority of the remaning receiver subsystems, as depicted in Rgure 1. As explained previously in 
45 corijunct'on with Figure 1, tha output of the signal estimator 120 connects to the signal properties evaluation module 130. 

The signal properOBS evaluation module 130 is in communication with the A/D converters via an A/D converter control 
module 220. The eomrol slecisson module ctmnectstteachof the A/D commrters 114,116. Of course, the A/D converter 
35 control module 220 can be considered pan of what could be combined with the signal properties evaluation module 130. 
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In other words, ths control for the A/D converters 114, 116 can be generated directly from the signal properties evaluation 
module whereby the separate A/D converter control module 220, which receives input from the signal properties evakiation 
module 130, b made up of one module or multiple moduies or combined with the signal properties evaluation route 13a 
The independent depiction in the figures of the present application is provided to facffitata the description of the system. 

In operation, reaMrne feedback from the signal properties evaluation module 130 controls the operating precision 
of the A/D converters 114,11 a In particular, the bvphase and quadrature phase components of the incoming signal enter 
the A/D converters 1 14,1 16. At the inception of ths comrnuricition link, the precision of the A/D converters 1 14,1 1 B is 
set to a first precision level, in one errutafrnam. the highest precision level provided by the A/D converters 1 14. 1 16. The 
15 ^0 converters 114, 116 modify the taming signal to a digital format and forward the signal to the other components of 

10 the receiver. One component of the receiver which obtains the output of the A/D converters 114,116 is the signal 
estimator 120. which is incorporated in Figure 2 in the receiver subsystem 200. The signal estimator 120 evaluates the 
Digitized signal to detenrane dynamics, noise and interferences level and the signal strength. These values are forwarded to 
signal properties evaluation module 130. 

The evaluation module 130 processes the information from the signal estimator 120 (and other inputs as 
15 depicted in figure II end arrives at a detemwation of the signal miatity and stabifity, referred to herein es the signal 
properties or characteristics. The signal properties are forwarded to the A/D converter control module 220 which 
evaluates the signal properties. Based on the evaluation of the inconung signal, the control motto 220, which is in 
convrtunication with the A/D converters 114.116, adjusts the precision level of the A/D converters. AoVarrtageoualy, the 
A/D converters can be eojusted separately. An evaluation by the signal properties evaluation module 130 and the control 
module 220 indicating a generally stable signal prompts the control module to reduce the precision of each of the A/D 
converters 114,116. K signal quality b high enough on I or 0, one or the other signals may be entirely shut off. In one 
OTbcarnent. when the signal is of high ouaity the control module 220 reduces the precision of each or one of A/D 
converter 114,116 to four, three, or even two bits. Reducing the precision of the A/0 converters 114,116 reduce* the 
power consurnption of the receiver. Because the control module 220 only reduces the precision of the A/D converters 
25 1 14,1 1 6 when the incoming signal is of high quality, the power consumption of the mobfe station decreases without a 
comprornise in audio quafity. Because the precision of the A/D converters can drasticaly increase or decrease the total 
amount of data which must be processed by the remaining receiver components such as the signal estimator 120, the 
40 fining estmator 122, the data demodulator and decoder 124, and the phase and frequency estirurtor 126, the power 

savings resulting from the reduction of precision in the A/0 converters 114, 116 can significantly impact the power 
30 consumption «f the receiver. As further shown in Figure 2. the control module 220 also connects to the receiver 
subsystems 200 to appropriately adjust the operating precision of the other aspects of the receiver, h particular, when 
45 the control module 220 reduces the precision (number of bits) of the A/D converters 114,116, the cornponents which 

receive the output of the A/D converters wil also operate in a reduced precision mode. If one of the I or Q signals is 
comptetety Discontinued due to very high signal quafity on the other signal, receiver subsystems which respond to the 
35 particular signal which has been rJscontinued would be completely deactivated in one embodiment, further reducing power. 
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5 Corrversery, if tha evaluation module 130 and control module 220 ascertain* that the signal quarty is poor, the 

control module mcreases the precision of either or both of the A/Dconvartw 114,116. In tots fashion the precision of th8 
A/0 converters 1 14, 1 1 6 dynamically adjust depending on the quafty of the incoming signal. 

The degree or percentage of power coraurnption achieved using these principles varies depending on the receiver 

10 5 subsystems 200 ccrnpooents. In one embodiment the reduction in operating prBriskin to the front end WD converters 

114,116 can result n an overall reduction in receiver power consumption of about 20 percent while degrading signal 
quafty by less than about .8 Do. Tlus correlates to an overaB reduction in 

in the present embodiment FiaThefmcre, with the reduction in power consumption during periods of high signal auafity, for 
the tame power usage over time, the precision of the A/0 converters 1 14, 1 16 can be increased during periods of poor 
1 0 signal quafty to enhance communication performance without increasing the overafl power usage over time. 
Timing Estimator mcoroo rattnn Signal Quality Feedback 

Modern communication receivers utfce some form of signal synchronization to properly track, democrats and 
decode the meaning signal One example of such a syrdmuwation mechanism is a delay lock loop which serves to 
synchronize the mcoming signal with an interna! or known dock or timing signal. Figure 3 Bustrates a synchroifeation 
15 mechanism known as a timing estimator incorporating signal quafty feafcack. 

A receiver ttdudes a number of daspresders 300, each coupled to a timing estimator and titer module 122 (a.g* 
a delay • lock-loop or DLL) . The output of the timing estimator and liter module 122 connects to the data demodulator, as 
shown in Figure 1. Also shown ia Figure 3 is the signal properties evaluation module 130 which obtains information 
regarding the incoming signal and, upon processing the information, determines the quality and/or dynamics of the incoming 
30 20 signal The output of the signal properties evaluation module 130 connects to a timing control decision unit 320. The 

output of the signal properties evaluation module couples to each of the daspreaders 300 end the timing estimator and 
t^moo^ 122 via the timiig control decision unit 320. 

m conventional systems, the timing estimator and filter module 122, (e.g., the DHL operates constantly, and at a 
35 fixed rate of samping. However, in accordance with the principles of tha present invention, the timing estimator and tUter 

25 module 122 can operate aO the tome, intermrtterra^, or at a reouied rate. 

In the present embodiment each of tha daspreaders 300 outputs a signal recovered from the spread spectrum 
data transmission to the timing estimator and filter module 122. The titling estimator and later module 122 receives and 
40 processes the ttespread signals to synchronize the signals. A timing signal is provided to the demodulation unit 124 (Figure 

1) for use in demodulation. 

30 Tha signal properties evaluation module 130 simultaneously provides information regarding the quafty and/or 

dynamics of the tomung signal to the timing control decision unit 320. The timing control decision unit 320 evaluates the 
45 information descrying the incorring signal properties and provides control information to the timing estimator and titer 

module 122 and each of tha despreadere 300. 

The tirtnng estimator and ftTter module 122 and each of the daspreaders 300 may after its operation based on the 
35 input from the lining control decision module 320. For exampla, the timing control decision module 320 provides data to 
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the tining estimator and flier 122 to thereby control the type, operation duty cycle, and filter properties, «ch as 
complexity and bandwidth. The information provided from the timing control decision unit 320 to the timing estimator 122 
changes depending on the quafity of tta sigriaL The t«^ e 

Ks operation to saw power when the taming signal is of high quality and/or increase performance during periods of tow 

5 signs! quality and/or high dynamics. 

More speaftcaDv, based on the tiring error, the DLL 122 can modify its operation. For instance, H the timing 
error bicomes very srnafl on repetitive samples, the duty cyde. or percentage of tin* that the DLL 1 22 operates, can be 
adapted to save power. In other words, in periods of smal error m timing, tta 

for less frequent operation. In times of higher timing error, thfl&itycydeofthe0ai22canbe advanced for more 
10 frequent sarnpfng. SimSarly, the DLL type can be adjusted for better or poorer timing error. Rirthernwa. the OU type can 
be altered during periods such as pull-in or ^acquisition to provide necessary performance Airing these periods. For 
example, during pulHn, the DLL may wane four taps and then adjust the tap spacing to two when the delay is estimated. 
Accordingly, only the processing complexity necessary to maintain signal timing is retired. 

As known in the art timing estimators and associated filters, such as a DLL begin operation after the initial 
15 signal search process occurs to achieve precise synchronization and tracking. The DLL generally comprises a first 
correlator tegiming operation early and a second correlator beginning operation later si relation to the optirnun sampfing 
time. An error signal is formed by taking the d fff w wm between the two absolute vakcs of the two correlator outputs. A 
non-zero error signal indicates that the timing of the synchnmizing signal is tarrect relative to the optimum sampfing time. 
Accordingly, the synchrorization signal is either retarded or advanced, depending on the sign of the error. Operating this 
30 20 loop edjusts the syncrnmiration signal 

During periods of general stablty with regard to the incoming signal, the error signal b generally zero and hence 
the tinting of the synchrortotion signal retrains generally undefined. Alternatively, when the ncorning signal is genenDy 
unstable and possesses high dynamics or interference, the error signal is generally non-zero end the timing estvnetor 122 
35 corrtmuely evaluates and adjusts the synchronization signal 

25 Based on the above described operation of an embodiment of the present invention using a DLL the timing 

control decision tmH 320 evaluates the morning signal based on input from the signal properties evaluation unit 1 30 and 
adjusts the behavior of the DLL to use power efficiently and/or provide increased refiabSrty h times of low signal quarry. 
40 For example, during periods of general stabity, the timing control decision unit 320 adjusts operation of the DU by 

reductig the duty cycte, the complexity and/or banAmdth of the filters, ad of which reduce power coraurnption of the 
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The timing control decision unit 320 also provides data to the despreaders 300 to control the tap spacing of the 
despreaders. The ^formation provided from the trnirrg control decision unit 320 to the despreaders 300 alters the 
operation of the despreaders to use power efficiently by reducing power usage during periods when the itcorning signal is 
of superior quafity. For example, the control information provided to the despreaders 300 may alter the despreaders tap 
3 5 spacing to save power during periods when the ireoming signal is of high quafity. 
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5 to this fashion the receiver mentors the quality of the incoming signal and atsusts the operation of the tiring 

estimator end titer module 122 and the despraaders 300 to reduce the power consumption when the signal is of high 
Quality and generally stable. Arterriativeh/, during periods of poor signal quality, the operation is made more robust at the 
cost of additional power consumption. 
W s Equalizer Incorporating Sinnal Properties Feedback 

Many modem comrrunication systems, such as systems emptoying time division muhipia access (TDMA) and 
coda division multiple access (COMA), often employ a type of receiver known as a RAKE receiver. A RAKE receiver has a 
number erf receive* or to obtain a portion of a rado signal Receivers employ such 

a cerrftgiiraticn because, in most comnwmcarjon systems, the channel characteristics are unknown or time-variant One 
10 example is when o transmitted signal eroumers obstacles in ths path between the transmitter and receiver. Because of 
the obstacles, the resulting signal includes energy peaks which are spread over time, in particular, the incoming signal is 
often separated into a number of peaks or time- varied portions each of which contain important signal information. Each of 
the fingers of a RAKE receiver obtains the information at each of the peaks of the incoming signal. However, the energy at 
each of the peaks may become misaligned or smeared, thereby preventing the fingers of the rake receiver from property 

15 obtaining the signal 

To overcome the misalgnment of the peaks in the morning rnutopith signal modem cornriwrucation systems 
often employ equalizers. The equator removes certain time delayed waves or signal portions. In particular, equators 
detect the delayed portions of the signal and lock onto the strongest portions. Equalizers may operate by using a paring 
sequence that a sent at the start of the data comnweations burst The aquaizer then adjusts itself to provide the 
30 20 rnaximum response on tho channel, thereby negating the Deteriorating effects of the redo channel itself. 

Undesirably, the one or more equalizers in a receiver of a modem cornrnuni cation system operate contimiously 
during an active communication fink. The continuous operation of the aquaizer is desirable when the peaks of a neuropath 
signal are rrasahgned However, continuous operation of the equalizers in a mobile station when the ncomtng signal is 
35 generally stable and not m need of eiruaftrsthn consumes valuable battery power. One embodiment of the present 

25 irventmn comprises adjustng the complexity and/or duty cyde of the equalizer based on the characteristics of the incoming 
signal to reduce power consumption and/or increase performance es needed. 

Figure 4 Blustrates one ernbodbnant of an equator configured for adaptive operation in accordance with the 
prmqptes of the present invention. In particular, with regard to signal equalization, the relevant portion of a wireless 
convTiunicatian receiver comprises an equalizer 100 having a first input configured to receive a signal a second input 
30 coupled to an output of an equalizer controller 410. and an output coupled to the demooUator 124. The input of the 
equator controler 410 couples to the output of the signal properties evaluation module 130. which is descried above m 
greater detsS. 

moperatkm, the ctwnnents lus^ to receive a signal at the first input of the equator 

400. in one eniboosnent at start-up. the equator 400 enters a fuO operation mode wherein the signal snproving 
35 capabilities of the equalizer are fuDy operational After fuSy equating thi ixcming signal the equator passes the signal 
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5 to the demodulator 124 for additional signal processing. The output of the demodulator 124 passes to other receiver 

subsystems (sea figure 1). 

Other subsystems of the receiver (Figure 1) provide information regarding the signal to the signal properties 
evaluation module 130. The signal properties evaluation module 130 processes and feeds the processed information to the 
10 5 equate cormoBer 410. The eo^wamtrofer 410 further evaluates the signal characteriste based on the infonnaiion 

from the signal properties evaluation module 130 and, based on this evaluation outputs control information to the equafizer 
400. The control information dictates the duty cyde and comptodty of operation of tha equate 400. 

The amount of power used by the equalizer 400 depends upon tha duty cycle of the equate 400 and the 
15 complexity of the equafizing algorithms used in the equate 400. In one embodiment the equafizer 400 can be completely 

1 0 disabled when the peaks in an intoning signal an reatfly discermble and the equafizer can be reactivated when the peaks 
become "smeared." For example, the equaizer 400 enters a power saving mode when the signal properties evaluation 
module 130 and the equafizer controller 410 determine that the incoming signal no longer requires extensive equafaatkm. 
Conversely, the equalizer returns to ful equalization when instructed that the meaning signal requires equafization to 
maintain communication quality and prevent dropped cats, fn this manner the equalizer's overall power consumption is 
1 5 minimized without sacrificing signal auafity and convnunication fink integrity. 
RAKF Finger Duty Cv rte Adhtttment and Combiner Atocmthms Adjustment 

Fioitt5ftBtia3BS9c<unbswm^ A CDMA receiver employs muttipta correlators also known as 

fingers. The multiple correlators reduce a receivers susceptibity to rmirtipath components because the receiver can 
simultaneously receive several multipath signals and coherently combine them resultfcg in a stronger signal The RAKE 
20 receiver else enables a mobile station to communicate with two base stations simultaneously, making soft hamkffs 
possible and greatly reducing the probabBity of dropped cats. 

Present systems operate every finger of the RAKE receiver at full precision during the entirety of each active 
conmunketion fink. Operating each finger of the RAKE receiver at full precision maintains audio quality during signal 
35 *««nfl and when the signal contains multipath components. However, operating every finger of the RAKE receiver end the 

25 umbzner at full prectiei wben trie «auwg signal is of high quarty neediessly consumes battery power. Theembodlmem 
described nereis dwaaecaSy adjusts tin duty eyrie cf the fingers of the RAKE receiver and varies the complexity of the 
imtikm d g wlihm s to save power when the signal is of high quality. 
40 As shown in Figure 5. one preferred ernbodanant cernomes several 

combiner 51 6. The output of a combiner control module 550 couples to tha combiner 5 1 6 end each of the correlators 5 1 0. 
30 The combiner control module has en input connected to the signal properties evaluation module 130, discussed in 
conjunction with figure 1. 

45 The combiner 516, which receives the sigrab.frcm each of the fingers of the RAKE receiver, adds each of the 

murupath signals and provides en output to the other subsystems of the receiver. 

m particriar, each of the correlators 510 provides a portion of the ncornmg signal to the combiner 516. In turn. 
35 the combiner 516 uses an algorithm to calculate parameter values that eid h the cornbination of each of the meaning 
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5 mutopath signals from the correlators 51 a These parameter values represent the requred time shift phase shift and 

amplitude adjustment necessary to property combine each of the rnurtipath signals. The combiner 516 processes the 
incoming signals using the parameter calculations and provides a combined signal at the output 

Advantageously, a receiver adopting the principles of the present invention includes the corrtbiner control module 

10 5 55a The cwnbiner control module 550 provides input to the combiner 518 and each correlator 510 to dynamically adjust 

the duty cycle of the correlators and tha manner of operation ol the combiner to reduce power consumption. Tea combiner 
control module 550 evaluates various chara c teri s t ics of the morning signal anil based on the evatetion, provides 
appropriate input to the combiner 516 and the correlators 510. The combiner control module 550 obtains information 

15 regarding the rooming signal from the signal properties evaluation module 131 In particular, the signal properties 

10 evaluation module 130 provides information reganfing the signal panics, the signal to noise ratio, the signal interference 
level and the signal power level to the cornbiner control module 550. Using this information, the combiner control module 
550 adjusts the duty cyde of the correlators 510 and the manner of operation of the combiner 516 to reduce power 

20 

consumption. 

With regard to the correlators 510, the combiner control module 550 alters the duty cyde of each correlator 
15 based on the incoming signal. For example. H the incoming signal is generally weak end contains a number of muftipath 
components, then the cornbiner control module 550 enables the maxrnurn number of correlators 510, thereby capturing the 
weak signal Aherrurthrery, if the signal properties evaluation module 130 indicates that the signal is generally strong end 
comprises relatively few (one or two) muhjpath components, then the control module 550 instructs a number of the 
correlators 510 to suspend operation. Suspending operation of e number of the correlators 510 reduces the power 
30 20 consumption of the receiver, which extends battery fife. Suspending operation of a number of correlators 510 reduces the 

b^urt to the combiner 516, which consemjentfy reduces the processing burden on the combiner 516. This further reduces 
the power caniumpliun of the receiver. 

The combiner control module 550 also instructs the combiner 516 to trynamrcatty change the algorithms used for 
35 parameter estmation. In pedicular, mobile stations fu* a ceBular telephone) may operate while stationary or whse 

25 moving, such as during automobile travel For a receiver, and in particular the combiner 518, e significant amount of 
processing (and therefore power) is required to estimate the parameters used to calculate time shift 512, phase shift 520 
and amplitude adjustment 530 of each component of the incoming signal before summing with the summer 540 each 
40 adjusted signal component Precise calculation of these parameters is vital during periods when the meaning signal 

includes significant muftipath cornponents, such as for example when the mobie station is moving or when reflecting 
30 objects such as butfmg, ere intermediate the mobile station end the base station. However, such complex calculations 
needlessly consume power during periods when the tearrtng signal does not include a pJuraity of signrficant mUtipath 
45 components, such as for example when thsiDobae station Is generally stationary or when it possesses an obstruction free 

signal path to the base station. Instead of perf onrting complex calculations, the parameters used to determine una shift 
phase shift end snpfitude ao]ustment are arrived et osing calculations which consume less power or by fixing the 
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5 parameter values for certain signal conditions. Thus, the power consumption may be reduced without compromising anfio 

quafty or communication (ink stabfty. 

Figure 7 illustrates an enhanced frequency estimator to provide adaptive frequency estimation (phase 
reconstruction) such as in the phasa/freo^ency estinator 128 of Rgure 1. As seen in figure 7, there a demodulator 710 
10 5 provided for a plot signal and demodulator 712 provided for a desired signal A phase reconstruction block 714 provides 

phase estimation for the desired signal. Actarajnoly, an output of the phase reconstruction block 714 provides an input to 
the desired signal demodulator 712. The incoming signal (after Digital conversion in the present embedment), provides an 
input to both the pirn demodulator 710 and the desired signal denwdiiiator 712. The phase reconstruction mootte 714 
15 receives input from the p2ot demodulator 710 and from the signal properties module 130 (see Figure 11 I/lore specifically, 

10 the signal properties module 130 provides signals to a oVnamic phase reconstruction control module 716 which forms part 
of the phase reconstruction module 714 The dynamic phase reconstruction control module 716 reacts to information from 
the signal properties module 130 and from the plot demodulator 710 to dynamicaBy control the phase reconstroction 
module 714 to accommodate changing the signal ctmdroons. More speriticaJy, the phase reconstruction module 
operations can be adaptive^ corrtroaad to change operations based on the particular signal properties at the tine. 
15 As known in the art a phase reconstruction scheme can be very important because a small error in the estimated 

phase can result m a large loss for the desired signaL Typically, existing systems utibze the pilot signal which is 
transmtted at a higher power without ful spreading codes so that ft is much easier to demodulate. Accordingly, the 
demodulation allows determination of the phase of the incoming signal Because the pilot signal and the desired signal are 
transmitted together, they experience simiar or identical paths and iituferenco to the receiver. During periods of high 
30 20 signal dynamics and muto-path components, frequency estimation becomes an important function of the system in order to 

avoid stgrtfficant signal tosses. 

In the present Invention, the frequency estimation algorithm, precision, or active periods may be corrtrofleA More 
specifically, anyone or more of the following parameters could be included in selecting two or more algorithms which can 
35 be selected based upon ths p3ot demodulation kmvmation or the pOot demodulation together with the signal properties 

25 module information. The processing rate may be increased or decreased. Such increase or decrease may be based on 
power level rather than tracking performance. The phase reconstruction filter 714 may actually be deactivated and 
activated only a few to several times a second during periods of high signal strength and low signal dynarnics and fading. 
40 However, during high signal Dynamics, where the signal may have mufti-path components and the phase b changing rapidly, 

the filter may run constantly, m addition or alternatively, the precision of the phase reconstruction niter 714 can be 
30 modrnad. For instance, the precision can be changed from 18-bit to 8-bit in one enibodirnent. In addition or in combination 
with the other dements, the actual filter type could be change! For instance, a FIR filter, Iff. flter, sliding window fitter, 
or other type of tte cmU be selected based imra 

Finely, as shown in Rgure 7, the signs] properties module 130 could play a sipjfficarrt role in the phase 
reconstruction decisions. Conventional designs typicaly involve using the pOot signal to datermine frequency estimation. 
35 The pilot is easy to demodulate because of its high power and lack of fufl spreading codes. In spread spectrum systems. 
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each bass station may have many desired signals, each with its own spreading code transmitted m a particular (fraction 
from the base station. Typical base stations in spread spectrum systems may have three different directional sections, 
each which can have 1 0 to 20 signals whh spreading codes (such as Walsh codes) for each signal Accordingly, thfl signal 
from the base station irriudu a pfot pha several desired signals using several corresponding spreading codas. Typically, 
5 each mobOe site demodulates the data resulting only from its own spreading coda. However, because there are many other 
coded signals m the same collective signal the present embodtnent also involves utaizing the other spread spectrum signals 
not intended for the particular receiver in determining the phase reconstruction, In other words, the demodulated desired 
signal % other users can be used for tracking the phase, and, the tracks* can be improved. Of course, the adtftional 
demodulation requires additional power; however, in periods of high signal dynamics, such increase in processing may be 
1 0 required in order to mantain a signal for the particular user h question. 

b summary, in accordance with this embodiment of the present invention, several drff erent features can come 
into play in rnpacting the phase reconstruction (frequency estimation) operation* of the receiver. 
tSSM Demodulator Ha ving Reduced Power Consumption Design 

In yet another embodiment power saving features are integrated with a receiver operating in accordance with 
IS Global System for MoMe Cornmuri'catiora (GSM). 

Figure 6 itustrates a typical Global System for Mobie Cornmunication (GSM) demodulator. Input bias carrying 
baseband I frfbase) md 0 (auadrttfffrjtase) data connect to an automatic gain control module 61 0 and a signal level 
estviwtOTB12. The output of the signal tevel estimator 612 cm»wctttoth«A6Cnx>dule61Q. 

The output of the AGC module 610 connects to a cross-correlator S14. The cross-correlator's output connects 
3Q 20 to tach of a matched filter 616, a matched h^ The output of the 

matched filter extractor 618 feeds duectfy into the matched flttr 616. The output of the matched filter 616 and the 
timing recovery unit 620 both connect to a Maximum Liketftood Sequence estimation (MLSE) detector 622. 

The MLSE detector 622 couples to the input of a decryption unit 624 and the output of the decryption unit feeds 
35 sitoa dekavet 626. The deleaver 626 outputs data to a convohitionsl decoder 630. The ccrtvohitional decoder 630 in 

25 turn connects to a block decoder 632. The block decoder 632 provides output on a data out Gne. 

In operation, the airtornatic gain control module 610 adjusts the input signal level of the baseband I and Q data 
(hereinafter sipial] for optimal performance during the subsequent demodulation operations as wel understood in the art 
40 The incomtig signal abo enters a signal level estimator 612 that estimates the power level of the ircanong signal 

Estimating the signal power level serves two purposes; first a GSM communication system adapts its performance based 
30 on the strength dttomc^ and second, the receiver aflum tr« gain of the input 

signal for subsequent demodulation processes. Acconfingjy, the rnodulator provides the output of the signal level estimator 
45 612 to the AGC module 610 so that the gain of signal may be atfustad appropriately. 

Tha aoss-cwrelator 614 compares the received data to a known training sequence or a training sequence 
in-fciifcrf ftAiyawyia m itm wmred data hiiiiL The cross-correlator locates the beginning of each burst of data using the 
35 known 26 symboli located at the center of each burst As known in the art bursts are sent in a generally .5 oiiffisecond 
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5 time frame followed by 4.5 millisecond pause. Tha aws-corretator. having located or correlated tha known 26 symbols is 

aUe to locate the beginning of the data transmission. 

Next the signal undergoes fatering and timing recovery. The matched fiter extractor 618 models an ideal 
matched filter to reverse the effects of the transmission channel and any m tar-symbol irrterference introduced by the pulse 
10 5 shape. The timing recovery unit B20 determines tha proper timing of the incominj signal to locate the center of tha burst 

which intum bBows the receiver to correctly separate and demodulate the individual symbols. 

Tha next phase of the demodulation process comprises MLSE Detection. The MLSE detector 622 performs a 
sophisticated detection aJgoritivri thai declares each recshred symbol to ba a 1 or 0 and providas a measure of the certainty 
15 of each binary decision. As known in the art the algorithms of tha MLSE rJetBCtor 622 employ a oYrtarnk r^gramming 

10 model to snwfcanaously demodulate an entire half-burst (typically 5B bits) of data. Whaa certain advantages exist m 
performing demodulation over the harf -burst instead on a syrTtoHiy-syrnbol bases, half-burst demodulation consumes a 
significant amount of power during operation. 
20 After MLSE detection, the signal enters a decryption unit 624 to reverse the arrtrtaves&opping measures 

undertaken by the transmrtter. Next the signal enters the deleaver 626, wherein the transrnined bits are dispersed over 
15 several time division muhipte access (TDMA) bursts to provide robustness in the presence of facing. The deleaver 626 
rearranges the received bits krto message blocks La. into tha original order existing prk* to transmission. 

The output of the deleaver 626 progresses to the input of the convolutions! decoder 630. Tha corwoMonal 
decoder 630 performs convolutional decoding on tha received data, Convclutional coding and decoding provides means to 
detect end correct data errors iTtroduced during rjartsrnissiDn. In particular, convohrticnal coding adds coifing to the data 
so that the corrvolutional decoder may accurately reconstruct the transrorttad data, even if soma of the data bits become 
corrupted during transmission. 

After coasdirnanal decoding, the signal enters the block decoder 632 to undergo reverse block coifing. Block 
coding providas redundancy, typically parity bits. These parity bits are typxaBy often nansmrrted at the end of a sequence 
35 of data bits so that upon receipt by the receiver, the block decoder 632 may perform reverse block coding to determine if 

25 errors exist in tha data stream. After wdergoing block decoding, the signal exits the block decoder 632 for further 
processing in other parts of the receiver, such as a vocoder (not shown). 

m one embo di me n t of the present mvention, the receiver comprises a digital signal processor (DSP) coded 
40 irnpiarnentation of a GSM receiver. The inventors recogniza that the most complex and power consuming operation is 

typically the MUSE detection algorithm of the MLSE detector 622. For example, in soma DSP based irnplementationt the 
30 MLSE detection may comprise up to 50% of tha cemptaxity in relation to total DSP operations. Whit the advantages of 
the MLSE detector are worthy of its power needs during periods of poor signal quality, the MLSE detector needlessly 
45 consumes powBr when the signal a robust 

Another very complex and power consuming component is tha cross-correlator 614 because ft operates over a 
broad range of delays to correctly locate tha center of the data burst Cross-correlation in DSP based jmpJemamarjons may 
35 torr^uptj)3O%oftr«totalDSPop0atioru. 
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5 m oris embodiment a GSM receiver is configured to eknunate a substantia) portion of the computational 

ronirements of the receiver by monitoring the timing recovery unit BE) for rapid movement from center on s burst-by-burst 
basis. In such en ernbodinent, the receiver would also include a aomorrelator controller 616. The cross-correlator 
controller 616 connects to the croa-correiator and the timing recovery unit The cross-correlator controler 616 obtains 
10 5 data from the tkning recovery unit 620 and pending on the tmring of the incoming signal changes the operation of the 

cross-correlator accorrSrajry. hi particular, if the bmrrang signal does not demonstrate rapid movement from burst carter 
then the cross-corretator controller 616 instructs the cross-correlator 614 to operate over a more narrow range of delays. 
For example, in normal operation the cnm-correlator 614 may operate over ± 5 data symbols. Under ideal situations, such 
15 as when the burst center is generally stable, performing cross-correlation over ± 2 symbols may be adequate, In short 

1 0 whan assuming the data traiwrtssinn to be generally stable, the cross relator can anticipate little change in burst canter 
end reduce computational complexity such as, for example, evaluating fewer symbols. Reducing the computational 
complexity and duration of the cross-correlator 614 reduces the power consumption of the receiver which, in turn, extends 
battery Of e. If tha timing recovery unit 620 detects rapid movement from burst center, than the cross-correlator controler 
616 instructs the crosworrelator 614 to resume operation over a broader range of dBlays. In this fashion, the cross- 
15 correlator controller 816 adjusts the operation of tha cross-correlator 614 to save power during periods when the signal is 
stable without degrading signal quality. 

m another errfcmfatent, the receiver mcbdas a MUSE controller 621 connected to the MLSE detector 622, the 
matched ftfterBU, and the output of the signal level estimator 61Z The MLSE corrtroler receives input from the matched 
liter 616 end the signal level estimator 612. The MLSE controler 621 monitors both the signal level of an rooming 
20 transmission and the response to the matched Ster 617. If the incoming signal levet is high and the response to tha match 
filter 617 indicates that the signal is arriving over a generally clear chanrat than the receiver suspends operation of the 
complicated MLSE detector 622, and instead inrvtements a simple bit-by-bit Minimum Shift Keying (MSK> demooUator. 
MSK demodulators are known by those of stall in the art and require a trivial amount of computational resources, and thus 
35 battery power, in relation to the MLSE algorithms of the MLSE detector 622 due to their operation on a bit-by-bit basic 

25 instead of the typical 56 bit delay of the MLSE detector 622. 

A receiver adopting MSK demodulation over MLSE algorithms consumes less power than a receiver utilizing only 
MLSE detection algorithms. That if the signal is robust the power intensive MLSE detector operation may be suspended 
40 and replaced with bit-by-bit MSK demodulation. Atonurtivery. if the signal changes causing tha response to the matched 

fitter 617 to not resemble a inpulse and if the signal tevd dBi^asas, ttwi the MLSE controfler 821 suspends operation of 
30 the bit-by-bit MSK demodulator and resumes operation of the MLSE algorithms. In this fashion tha MISE controller 621 
reduces power coraumption of the receiver without sacrificing audio quafity. As explained in the embedment above, the 
45 ssjna! level estrnatcr and the match filter are used to determine the signal quality. Other quafity measurements such as 

amimurtic gam control could to 
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5 Although tha foregoing description of the preferred embedment of the present invention has shown, deserted 

and pointed out the fundamental nowl feetirts d the invention. H wB to 

and changes h form of the detai of the apparatus as iterated as wen as the uses thereof, may bi made by those skilled 
in the art without departing from the spirit from the present invention. Consequently, tha scope of the invention should not 
10 5 baSmrted to the rwBgoingolsajssioalwts 
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WHATISCUIMED IS : 

1 . A power utilization control system for a wire less corrwumicBtion device, comprising; 

a signal properties evaluation module, said module operative to evaluate the characteristics of a 
received signal said module configured to provide an indication of said characteristics; end 

at least one receiver component for said wireless communication device, said receiver component 
having at least two modes of operation, said receiver component responsive to said signs! properties evaluation 
module to operate in at least one of said at least two modes of operation, bassd upon the said characteristics. 
Z The power utiization control system of Claim 1, wherein signal properties evaluation module is 
implemented using a digital signal processor. 

3. The power utiSzation control system of Claim 1, wherein said signal properties evaluation module is 
configured to evaluate any of signal dynamics, signal noise levels, or signal strength. 

4. The power utiization control system of Claim 1, wherein said wireless communications receiver 
operates in accordance with code Division multiple access. 

5. The power utilization control system of Claim 1, wherein said at toast one receiver component 
comprises at least one analog to digital converter configured to convert said received signal in an analog format to a 
received signal in a digital format wherein said first mode comprises operation at a first precision and said second mode 
comprises operation at a second nrecnm said power utization control system further cuuipiising: 

an analog to digital converter control module responsive to said signal properties evaluation module to 
select the precision of said at least on analog to cfighal converter based upon said indication of signal 
characteristics. 

6. The power utiization control system of Claim 5, wherein said analog to digital converter control 
module is configured to select a tower bit precision for said at toast one analog to tfigrtal converter when the signal is of 
generally high quality. 

7. The power miration control system of Claim 1, wherein said at least one receiver component further 
comprises a pbrafity of despread modules, said despread modules responsive to said indication of said characteristics from 
said signal properties evaluation module to adjust operation based upon said indication of signal characteristics. 

8. The power utiization control system of Claim 1, wherein said at least one receiver component 
comprises a timing estimator, aid timing estimator responsive to said inification of said characteristics from said signal 
properties evaluation module to alter timing estimation operation based upon said indication of signal characteristics. 

9L The power ut&HBtion control system of Claim 8, wherein said at toast one receiver component further 
comprises a pturaOty of despread modules, said despread modules responsive to said indication of said characteristics from 
said signal properties evaluation module to adjust operation based upon said indication of signal characteristics. 

10. The power utiization control system of Claim 9. wherein said despread modules respond to said 
indication of said signal characteristics via a control unit to adapt one or more of the operation duty cycle or tap spacing in 
response to said incjcation of signal characteristics. 
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5 11. The power titration control system of Claim 8, wherein said thwig estimator responds to said 

fofication of said signal characteristics via a timing control unit to modify ona or more of the timing estknator type, 

operation duty cycle, and bandwidth. 

12. Trie power utSzatjon control system of Claim 8, wherein said timing estimator comprises a delay-lock- 

10 5 bop. 

11 The power utBzation control system of Claim 1, wherein said at feast one receiver component 
comprises at least one equate, said at least one eauata responsive to said indication of signal characteristics from said 
signal properties evaluation module to change its operation based upon said indication of signal characteristics. 
15 14 jfe power atffizatian control system of Claim 13, wherein said equafoer afters one or more of its duty 

10 cycle or complexity of operation based upon said iiufication of signal quality. 

15. The power utfcation control system of Claim 1, wherein said at least one receiver component 
comprises at least ona corretator, said correlator responsive to said indication of signal characteristics to operate in either 
said first or said second mode. 

IB. The power utuaation control system of Claim 15, wherein said first mode comprises operation at a 
1 5 first precision and said second mode comprises operation it a second precision. 

1 7. The power utilization control system of Clam 1 B, wherein said first mode of operation further inckides 
a first duty cycle for said correlator and seid second mode ol operation comprises a second duty cycle for said at bast one 
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18. The power utilization control module of Claim 1. wherein said signal properties evaluation module 
30 20 provides said imfcation of said characteristics via s control rnodufe. 

19. The power ut&ation control system of Claim 18, wherein said at best one receiver component 
comprises a pfurafity of correlators, said control module suspending operation of one or more of said plurality of correlators 
during periods when the signal is of relatively good auafty. 

35 20. The power utSzation control system of Claim 1, wherein said at least ona receiver component 

25 comprises a signal combiner, said signal combiner responsive to said vacation of signal characteristics from said ssjnai 
properties evaluation module to attar operation of said combiner based upon said indication of signal characteristics. 

21. The power miration control system of Claim 20. wherein said at least two modes comprise a first 
40 note wterein said combaier operates in accordance with a first processing algorithm and a second mode wherein said 

signal combiner operates in accordance with a second algorithm. 
30 21 The power utization control system of Claim 21, wherein said fist algorithm comprises a more 

complex algorithm than said second algorithm. 
45 23. The power utiization control system of Claim 1, wherein said at least one receiver component 

cornprises a freouency estimation module, wherein said at teast two modes comprise at least first and second nudes 
Ktatad ki response to said indication of said signal characteristics from said signal properties evaluation rnodub. 
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24. The power utifization control system of Claim 23, wherein said at least two modes comprises at least 
two eigoritriTO. said at least two algorithms having a Difference in one or more of the processing precision, filter type, 
processing rate, or duty cycle. 

25. The power uttatkm control system of Claim 23, wherein said frequency estsnatfon module responds 
to a demodulated pilot signal and to demodulated desired signals from users other than the intended receiver. 

28. A method of reducing power consumption in a wireless cornrnuricition receiver having a phjrafity of 
receiver components urnpnsfig: 

receiving a signal; 

monitoring the characteristics of the incoming signal; 
evaluating the characteristics of the incoming signal; and 

attemg the operation of at least one of said receiver components based upon the evaluated quality of 
the mcorrring signal 

27. The method of reducing power consumption of Claim 26, wherein said at least one of said receiver 
c ompone nts comprises en analog to Digital converter. 

28. The method of Claim 27, wherein altering the operation of said analog to (figital converter comprises 
altering the precision of the analog to (figital converter. 

29. The method of Claim 28 ( wherein altering the precision of the analog to digital converter comprises 
altering the precision between 5 bits and 2 or 3 bits. 

30. The method of Clean 27, wherein monitoring the characteristics of the incoming signal cornprises 
monitoring any of signal dynamics, signal noise, signal level bit error rate, or field error rate. 

31. The method of Claim 30, wherem said 
accordance with coda division rndtipto access. 

32. The method of Claim 27, wherein evaluating the quality of said incoming signal comprises determining 
the proper precision setting for said one or more analog to digital converters. 

33. The method of Claim 26, wherein said step of altering the operation of at least one of said receiver 
components cornprises adjusting the operation of signal timing estimator. 

34. The method of darn 33, wherein said signal timing estimator comprises at least one delay lock bop. 

35. The method of Claim 33, wherein said step of adjusting operation comprises reducing the duty cycle of 
said timing estimator. 

36. The method of Claim 35, wherein said step of morrtoring the signal cornprises monitoring any of signal 
dynamics, signal noise, end signal leveL 

37. The method of Claim 33, wherein step of adjusting operation comprises adjusting the filter properties 
of a timing estimator. 

38. The method of Claim 28, wherein said step of evaluating comprises evaluating the Difference between 
the output of two correlators. 
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5 38. The method of Claim 28, wherein said step of altering the operatwn of at least one of said receiver 

components comprise altering the operation of an equate for an incoming signal, said method further comprising the 
steps of evaluating Wcrmation regarolng the characteristics of an taming signal; and modifying the complexity of 
equate algorithms for said equate based upon said evaluation. 

10 5 4a TheimttodofClaan2B,w 

components comprises altering the operation of at least one correlator based upon the evaluation of the incoming signal 

41. The method of Claim 40, wherein said step of sharing the operation of at toast one correlator 
comprises modifying the symbol frequency of operation of the correlator. 

15 4Z method of Claim 26, wherein said step of afteririg ma operation of at 

10 components comprises aftering the operation of a signal combiner in response to said step of evaluating the quality of the 
incoming signal 

41 The method of Claim 4Z wherein said step of altering the operation of a signal combiner comprises 
selecting one of at least two algorithms operable with the said combiner. 

44. The method of Claim 26, wherein said step of aharing the operation of at least one of said receiver 
1 5 components comprises altering the operation of a frequency estsnator h response to said step of evaluating the quality of 

the incoming signal 

45. The method of Claim 44, wherein said step of altering the operation of a frequency estimator 
camptitBs selecting an algorithm from at least two algorithms operable for said frequency estsnator. 

48. The method tf Claim 44, wherein said step of altering the operation of said frequency estimator 
30 20 comprises selecting a precision for said frequency estimator. 

47. The method of Claim 44, wherein said step of altering the operation of a frequency estimator 
comprises controlling active periods for said frequency estsnator. 

48. An adaptive signal syricrooriranon apparatus for • wireless receiver comprising: 
35 a timing estimator; 

25 b signal properties evaluation module respatsive to signal characteristics to evaluate an taming 

signal and 

a timing controller responsive to said signal properties evaluation module to control the operation of 
40 sail) taring estimator. 

49. The adaptive signal synchronoation apparatus of Claim 48, wherein said timing estsnator inckjdas at 

30 least ona delay lock bop. 

50. Tte adaptive signal synchronization apparatus of Claim 48, wherein said tsning controller is configured 

^ to adapt the p er re n ta ge of time that said timing estimator operates. 

51. The adaptive signal synchronization apparatus of Cham 48, wherein said timing controller is cotrfigured 
to control tap spacing of said tnrsng estimator. 
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s 52. The adaptive signal synchronization apparatus of Claim 48, wherein one or mom of said timing 

estimator, said timing controBar and said evaluation module era embodied with a digital signal processor. 

51 The adaptive atonal syitctanszatbn apparatus of Claim 48, further csmprising a ptarafity of daspread 
modutes, said despread modules responsive to an Wfeation of signal characteristics from said signal properties evaloetion 

10 5 module to adjust operation of despread modules. 

54. An adaptive equafizer system for a wireless receiver ccrnprisjng: 

an equafizer operable in at feast two modes to perform equafaation on an incoming signal: 

a signal properties evaluation module responsive to signal characteristics to evaluate an incoming 

signal; and 

I o an equalizer controBer responsive to said signal properties evaluation module to select between said at 

least first and second modes. 

55. The adaptive equalizer system of Claim 54, wherein said equalizer controller is embodied in a digital 
signal processor. 

58. The adaptive equalizer system of Claim 54, wherein said signal properties evaluation module is 
1 5 embotfiBd in a digital signal processor. 

57. The adaptive equalizer system of Claim 54, wherein said signal properties evaluation module recarvas a 
plurality of characteristics of an teaming signal and responds to such characteristics to develop equator operating 
parameters. 

58. The adaptive equaEzer system of Claim 54, wtarein said at feast hist and second modes of operation 
20 comprise a tint mode in which said equalizer operates in accordance with a first algorithm and a second mode wherein said 

equalizer operates in accordance with a sacond algorithm which b drfferBnt from said f tat algorithm. 

59. The adaptive equalzer system of Claim 54, wherein said receiver cornpmes a wireless cornmunicaticn 
receiver in a wireless conranication system. 

35 SO. The adaptive equafizer system of Claim 54, wherein said equalizer is configured to compensate for time 

25 delays introduced in a signal transmitted over a wirebss medaim. 

81. A method for adaptive operation of an iquafizer in a receiver comprising: 
receiving, equalizing and demodulating an incoming stgnat 
40 evaluating the quaity of the incoming signal; and 

adapting the operation of an equalizer based on said step of evaluating. 
30 62. The method of Claim 61, wherein said adapting the operation of an equalizer cornpmes srwtting off 

said equafizer when sad evaluating inoxcetes the signal is rf garara&yhijh quaity. 
45 61 The method of Claim 61. wherein said adapting the operation of an eouafczer comprises rafcjong the 

con^urtatioriaicomplexriyd 

64. The method of Claim 61, wherein evaluating comprises evaluating any of signal Dynamics, signal noise, 

35 signal level hit error rate, or frame error rate. 
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65. The method of Claim 64, wherein evaluating comprise* determining the rate of change over time of one 
or more of the signal dynamics, signal noise, siQnal level bit error rate or frame error rote. 

66. An adaptive combiner for a recover uuinprUing: 

et least two correlators configured to receive an meaning signal; 
e combiner coupled to said at least two correlators; 

a signal properties evaluation module responsive to characteristics of a received signal to provide an 
indication of the properties of an incoming signal and 

a combiner control module coupled to said combiner and responsive to said wfcation of signal 
characteristics from said signal properties evaluation module to alter operation of said combiner based upon said 
notation of said signal characteristics. 

67. The apparatus of Claim 66, wherein said cvnbtner control module is further coupled to at least one of 
said at least two combiners, said combiner control modub configured to provide a control signal to at least one of said at 
least two combiners to alter the operation of at least one of said at least two combiners. 

68. The apparatus of Cuum 67, wherein at iBast one of said correlator, said combiner, said signal 
properties evaluation module and said combiner control module is embodied using a Digital signal processor. 

69. The apparatus of Claim 67, wherein said convener comprises part of a wireless communication 

receiver. j 

70. A method of adaptive control in a receiver ccn^uising: 
receiving an incoming radio signal; 

correlating at least portions of the irtconvtg signat 

comfaning said portions of the morning signal 

evaluating the qualHy of the incoming stgrtsf; and 

controlling said combining step based on the quafty of the incoming signal. 

71. The method of Claim 70, wherein said step of combining may proceed in accordance with a first or a 
y fffwH rnode of operation, sad first and second mode operating in accordance with different algorithms for said combining 
step, sod controSing comprises changing said mode. 

72. The method of Clam 70, wherein said algorithms differ h the manner of parameter estimation used in 
said step of combining. 

73. The method of Claim 70, wherein said evaluating comprises evaluating one or more of the signal 
dynamics, signal noise, signal level, bit error ratio, and frame error ratio. 

74. A method for reducing power coreumption in a receiver operating in accordance with the principles of 
Global System for Mobie Corrvriirucations ccinprising: 

receiving a radio signal; 

evaluating signal dynamics of said ream signal; and, 

altering a range of delays m a correlator based on said sipwl dynamics. 
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75. The method of Claim 74, wherein said step of evaluating comprises monitoring In a timing unit the rate 

of signal timing change over time. 

7a The method of Ctatn 75, wherein said step of altering a range of delays comprises reducing the range 
of delays when said signal is determined to be generafty stable based on said signal dynamics. 

77. Tte method of Claim 7B, wtarein pmerafly stable ccmpn^ a low rate of change over time. 

7a The method of Claim 77, wherein s generally stable signal comprises a signal wherein the signal does 
not dernonstrate rapid timing drift from burst center. 

79. The method of Claim 77, wherein reducing the range of delays comprises performing cross-correlation 
every ±2 data symbols. 

80. The method of Claim 74, wherein said step of evaluating cornprises monitoring the center of a burst 
from burst to burst in the received radio signal 

81. The method of (Uaim 74, wberem said step of 8itBri 

of delays and said signal dynamics indicate that said ratio signal is generally unstable based on high signal dynamics. 

82. An adaptive correlator for a communications receiver configured to receive an incoming signal 
comprising: 

a correlation unit eamgured to compare said incoming signal to e known timing sequence. 

a timing recovery unit connected to said correlation unit, said timing recovery unit configured to 
evaluate the timing of said iircoming signal; 

a correlator controter connected to both of said timing recovery unit and said correlation unit said 
correlation cootrouer configured to adapt the operation of said correlation unit based on said evaluation by said 
timing recovery unit 

83. The adaptive correlator of Claim 82, wherein said correlator controller is configured to adapt the 
operation of said correlation unit to reduce the number of symbols over which the correlation unit operates. 

84. The adaptive correlator of Claim 82. wherein said timing recovery unit is configured to determine the 
change in timing of said incoming signal over time. 

85. The adaptive correlator of Claim 82, wherein said correlator unit is configured to perform a cross- 
correlation between the recem 

86. The adaptive correlator of Claim 82, wherein said cornmunications receiver operates m accordance 
with the principles of a Global System For Mobile Coriin ui i cati ons. 

87. A method of adaptive control in a receiver utiring MLSE algorithms coinuiisfio; 
leceivitj ssjnat 

rnmitoring the level of said signal; 

oio nito ring the response of said taming signal to a fften and 

sospenomg operation of said MLSE algorithms when said signal level is high and said response to said 
fBter indicates i genaraly clear channel. 
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88. The method of Claim 87. wherein a high signal level comprises i signal having level generally near the 
maximum signal level 

89. The method of Claim 87, wherein monitoring the level comprises monitoring the output of e signal level 
estimator. 

9a The method of Claim 87, wherein monrtoring the response comprises monitoring the response of said 
incoming signal to e matched fiftar. 

81. The method of Claim B7 r wtwranflgenOTtycteaTcra^ 
resemb&ng a impute. 

91 The method of Claim 87. wherein suspending said MLSE algorithm comprises replacing said MLSE 
algorithm with a MSK demodulator. 

91 The method of Claim 82, wherein said MSK demodulator comprises a bit-by-bit MSK demodulator. 

94. An adaptive MLSE detector con^rising: 

a signal level estimator responsive to an focoming signal to determine the signal level of said incoming 

signet 

a filter configured to titer said incoming signal: 

a MLSE detector configured to obtain input from said fitter, said MLSE detector configured to compute 
signal probabifity; and 

a MLSE controller coupled to said signal level estimator, said niter end said MLSE detector, said MLSE 
controller configured to evehiete output from said signal level estimator end sad filter end, based oo said 
evaluation, control the operation of said MLS detector. 

95. The adaptive detector of Claim 94, vrtierain said titer ranprte a matched ffter. 

9a The adaptive detector of Claim 94, wherein said MLSE controller a configured to suspend operation of 
said MLSE algorithms when said signal level estimator indicates said signal is generaBy high end said response to said 
signal is generally an impute. 

97. The adaptive detector of Claim 96, wherein said MLSE controller is configured such that when said 
MLSE aigorithms are suspended, said MSK demodulation occurs. 

9ft The adaptive detector of Claim 94, wherein control of the operation comprises reducing the power 
consumption. 
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